Conceptually, the extended standard model of theoretical physics carries, roughly, the following theoretical form. Specify C, P, and T properties for a kinematic structure -this information is encoded in certain relative phases, say, between right-and left-handed field [1] . Construct evolution equations for appropriate finite-dimensional representations compatible with the requested C, P, T properties, and quantize using canonical quantization for fields [2, 3] (or, use path integral techniques). Then demand form covariance under local phase transformation, and under general co-ordinate transformations. Invoke spontaneous symmetry breaking in some data-suggested internal space to give masses to certain gauge bosons. This general form accounts for present theoretical understanding of all known interactions, and allows for construction of additional re-normalizable theories. Thus, at least in a formal way, one comes to understand, say electric charge, and learns the origin of gravitational interactions [4, 5, 6] . Demanding additional symmetries, such as super-symmetry, does not require any profoundly different logic [7] . Now, whether one is formulating the equivalence principle in its form "m i = m g " or, one is talking of an electron, we are always invoking the Poincaré symmetries, explicitly, or implicitly.
1 The notion of mass is directly connected with the first Casimir invariant of the Poincaré group, and electron's spin owes its origin to the second Casimir invariant. The same remains true for all particles of the standard, and super-symmetric, models of high energy physics.
In all this, we have come to accept leptonic flavor as a physical reality, and we can phenomenologically describe it (at least for neutrinos). Yet, beyond this, we know nothing about flavor. It neither seems to be connected with a gauge symmetry, nor with a spacetime symmetry, except that there are recent speculations that it may arise from extra dimensions, see, e.g., Refs. [8, 9, 10, 11, 12, 13, 14, 15, 16] . Here we shall show that a theory towards understanding flavor may wish to challenge the Poincaré nature of spacetime in the interaction region where neutrinos are created.
Thus, realizing that the notion of mass eigenstates owes its existence to the symmetries of the Minkowski space-time, i.e., to the associated Casimirs of the Poincaré group [17] , our first observation is the following: If the spacetime symmetries in a region -specifically, in the region surrounding the interaction vertex -in which neutrinos are created, and detected, differs from Poincaré, then in the interaction regions their description shall not be in terms of spin and mass, but in terms of Casimirs of the new spacetime symmetries. On the other hand, their evolution, in a typical neutrino oscillation experiment, shall be mostly in the region of spacetime which is well described by Poincaré symmetries. These considerations shall apply to all relevant particles, and not only to neutrinos. In this essay we confine our attention to neutrinos. The experimental implications for other particles shall be pointed out in brief remarks at the end of this essay.
Anticipating TeV-scale unification, we now have to settle on the approximate nature of the spacetime in the gravito-electroweak interaction region. If we impose the requirements of (a) spherical symmetry, (b) dominant energy condition for a source term, (c) regularity of density, and (d) finiteness of mass; then, the answer involving participation of false vacuum implied by the Higgs mechanism, is de Sitter-Schwarzschild geometry. It is asymptotically de Sitter in the origin, asymptotically Schwarzschild far from the origin, and thus asymptotically Minkowski at infinity [18, 19] . The Poincare symmetries remain a good approximation far outside an interaction region. In the interaction region the spacetime symmetry group is de Sitter. This may be taken as our fundamental assumption.
It carries its inspiration from Gliner's suggestion that de Sitter vacuum could be a final state in gravitational collapse [20, 21] , idea of Poisson and Israel that it could result from geometry self-regulation [22] , the fact that de SitterSchwarzschild geometry [23] describes not only nonsingular black hole but also particle-like structure with de Sitter vacuum trapped in the origin [24] . This point has been a subject of significant physical and mathematical scrutiny, see, e.g., [20, 25, 26, 27, 28, 29, 30] . Here we examine some of the serious implications this answer has for high energy physics.
We envisage existence of one or more massive gauge bosons which give rise to unification of electroweak and gravitational interactions. We shall assume that their contribution to the geometry-determining stress energy tensor, T µν , at the interaction vertex is dominant. We shall entirely neglect contribution to T µν from neutrinos. Instead, they will be considered as test particles and their very nature shall be determined by the spacetime symmetry group induced around the vertex. Relaxation of this assumption shall mean that neutrino mixing matrix shall become energy dependent.
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Our task is now well defined. Since here we address gravity community, we must provide a brief review on recent neutrino experiments. Then, after sketching the essential elements of de Sitter-Schwarzschild spacetime, we shall establish the consequences of our observations. The results that we obtain need not be repeated again now, as they have been already summarized in the Abstract.
Confirmation of the solar neutrino anomaly by Super-Kamiokande and SNO, along with a series of new results on neutrinos [32, 33, 34, 35, 36, 37] now establish that electron, muon, and tau neutrinos are not mass eigenstates. Furthermore, if MiniBoone confirms the LSND anomaly [38, 39, 40] , then, in the absence of violations of CPT and Principle of Equivalence [41, 42, 43, 44, 45] , one would need to invoke a fourth neutrino. The resulting picture is phenomenologically summarized by:
Here, ℓ = e, µ, τ, . . ., is the flavor index and i = 1, 2, 3, . . . refer to different mass eigenstates.
In two-flavor mixing approximation, 3 the present data yields the following best fit values for the neutrino oscillation parameters [46] :
2 After this essay was written a paper has appeared on hep-ph Archive [31] . It argues that there is an experimental indication for scale dependence of the mixing matrix. The dependence is traced over fourteen orders of magnitude, from a couple of hundred GeV to about one hundredth of an eV. 3 For our colleagues in the gravity community we note that a two-flavor mixing approximation is precisely what the term implies. In this approximation each set of two flavors is assumed to be dominantly a linear superposition of two mass eigenstates. For example, the set ν e -ν µ is approximated as:
|ν e = cos θ|m 1 + sin θ|m 2 , |ν µ = − sin θ|m 1 + cos θ|m 2 .
while the Heidelberg-Moscow collaboration finds ν e to be Majorana, rather than Dirac, with a mass [47, 48, 49, 50] :
As noted above, at present, neutrino flavors enter entirely as phenomenological objects. In particular, no fundamental operator, or symmetry, is known with which to associate flavor. Similarly, the origin of the mixing angles that define the matrix U, and the mass-squared differences that determine the flavor oscillations, suffer from lack of their understanding in terms of a fundamental theory.
In the standard notation, the source of de Sitter-Schwarzschild spacetime is specified by an invariant-under-radial-boosts T µν (r) [23] :
The stress-energy tensor evolves smoothly from de Sitter vacuum T µν = ρ 0 g µν at r = 0 to Minkowski vacuum T µν = 0 at infinity. Here ρ 0 is the density at the origin, and shall be identified with the gravito-electroweak scale. The induced metric is given by [23] :
with
For any density profile satisfying the requirements (b)-(d) enumerated above, asymptotic behavior in the r → 0 region is dictated by (b) and is de Sitter vacuum:
For r → ∞ the asymptotic is Schwarzschild,
where m = M(r → ∞) is the ADM mass.
Characteristic curvature scale of this geometry is proportional to r * = (r 2 0 r g ) 1/3 [22, 23] , where r g = 2Gm/c 2 is the Schwarzschild gravitational radius. The geometry has an interpretation of a nonsingular black hole [23] for m ≥ m crit. , where
The proportionality constant is model specific, see, Ref. [24] . For m < m crit. the geometry describes a particle-like structure with de Sitter vacuum core.
We now envisage that a neutrino is created in the de Sitter region and later propagates to r → ∞ (i.e., to r ≫ r 0 region) where spacetime is Minkowskian. In the creation region, such a particle is characterized as an eigenstate of the de Sitter Casimir invariants, |I 
and I 2 (see, Ref. [51] , for its definition). Here we shall concentrate on I 1 only to make our essential point. The Π µ is defined as,
In the interaction region r 2 − c 2 t 2 ≪ r 2 0 (to be confirmed explicitly below), and thus I 1 approximates to:
Since we are specifically interested in neutrinos, we shall evaluate the dragged I 1 (see, Ref. [3] , for the definition of a dragged Casimir) and set [52] :
for the right-handed fields, and
for the left-handed fields. This, immediately yields:
Its eigenvalues are:
2 , the square of the de Sitter mass, I ′ 1 becomes negative. This could be first sign in favor of our proposal. It offers a natural explanation for certain anomalous results which have come to be known as "negative mass squared problem" for ν e [53, 54, 55, 56, 57] .
Suppressing the I ′ 2 , when the state |I ′ 1 propagates in the Minkowski region, in terms of the (first)Poincare Casimir operator, P µ P µ , it appears as a linear superposition of two different mass eigenstates,
, m
with equal weights (as also required for bi-maximal mixing). That is, the framework naturally yields an exact bi-maximal mixing for neutrinos. The difference in mass squares of these states is:
It is independent of whether we evaluate it for the right, or left, handed fields. However, this is a frame dependent evaluation. The rest frame of the interaction vertex defines the preferred frame of the calculation.
If ρ 0 is identified with an (yet unknown)electroweak-gravitation mass scale M unif. then, on recalling the definition of r 0 from Eq. (10), and M P lanck = hc/G, the above expression can easily be cast into the form,
If the mass-squared differences of neutrino summarized earlier arise from the mechanism outlined here, then the unification scale is immediately read off by inverting Eq. (23):
The atmospheric neutrino data implies a M unif. = 14.5 TeV while the cited solar neutrino mass-squared difference yields, M unif. ≃ 5.9 TeV. These correspond, respectively to r 0 = 0.4 × 10 −3 cm. and r 0 = 2.3 × 10 −3 cm. Thus, our framework has three significant implications: (i) It suggests a TeV scale unification, (ii) It suggests a possible modifications to gravity at sub-millimeter scale, and (iii) The neutrino mixing is dominantly bi-maximal. All of these implications have a parallel in existing ideas on unification [58, 59, 60] , and are also in agreement with experimental data on neutrino mixing matrix [61, 42, 62, 63, 64, 65, 66] . 5 It is apparent that these considerations are also applicable to particles besides neutrinos. Therefore, it will be an interesting experiment to see if relativistic electrons also oscillate from a species e ′ to another species e ′′ . In this scenario, an electron produced at an electroweak vertex would be expected to be in linear superposition of two mass eigenstates with same charge but a mass-squared difference that is of the order of the mass-squared differences for neutrinos. There is no reason to believe that our considerations do not apply to of quarks (when they participate the electroweak vertex). In that realm the observed oscillations in K 0 -K 0 system and the associated CP violation may carry the de Sitter-Schwarzschild spacetime around an electroweak vertex as its source. Our framework applies to all particles that participate an electroweak-interactions. It applies to all problems we have enumerated. It is now up to experiments, and further theoretical sharpenings, that we leave the fate of our proposal to. It is encouraging that neutrino oscillations [60] , and other laboratory experiments [67] , can probe spacetime at submillimeter scales.
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